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Introduction
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Fuzzy Theory

—. Fuzzy : A8 H 2|0| "O{ & XG>, «“0H0H 2 S6HCH”

| -

—. Fuzzy set : OHOHSE H& 2] TE (ex. 0|19 2l ZAIQ A S
—. Crisp set : H&tst H&O| &E. (ex. &X2 2 or XIS 22!)

=

[on
ol

Ol 2&&olHL ==238e BASS ot 22=x HE

\ _/

School of Electronics & Information Eng., Kunsan National University. RObOtiCS & Al Control LAB




Fuzzy Set 1.

—-. 8 & & & (Classical set, Crisp set)
AHEE e A0 Cist F=HE HEAM A5
AOICQ BigteE 226D & 3L JULH F, ASZEFCIHO
1’20 H o=,

A

na(X)

A=“old”

n(x) € 10, 1} (R

\ X[years] : /
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Fuzzy Set 2.

—. IH X & & (Fuzzy Set)
et AE=HE AFOIUIA IHAIEES] BH= OHHESs&=
LIEFHCH et IHRI A2 Ci¥et A% BEE K= |4
== L& ot= &g0|Lt.
1
087
A = Young
Tina
036 : / A = very Young
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Fuzzy Set 3.

HAIE& Jl= JHEE £86t)| /Aot LIOIo tHet FelAZ MNEE
X ={5, 10, 20, 30, 40, 50, 60, 70, 80}
GO0 HAEE {#201}, {42}, {&20[}& USH 201 2L = UL

Fol [ @eold Bx | (3w | meold ma
>, {) 0 0

10 .5 {} 0

20 1 0.9 0

30 1 1 0.2

40 {39 1 (15

50 0.7 1 0.7

&0 0.2 1 0.0

70 0 1 )

80 0 1 )
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{#0l}=0.5/10+ 1/20 + 1/30 + 0.9/40 + 0.7/50 + 0.2/60
o] E&S .
A= ;ﬁg/i‘fz

o 20| =8t HElZ LIEILDIE StCH. & xJF =2 1210|H,
A= L{m(ﬂﬂ) /%

et 20| LIEHLHII & st
HAIEE0l Ciotd 1 &g Lol =Ithe] &2 == &t 1 I
XI&&2 =0l(height)2t ot12 HOE oLt |AI1H 19 43
a2 I HXIE &S & 735 A CHnormalized) 1 8tCH.
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Attribute of Fuzzy set

1w #(Commutativity) : AUB=BUA / ANB = BNA

Z & (Associativity) : AUBUC) = (AUB)UC / AN(BNC) = (ANB)NC

= HH (Distributivity) : AUBNC) = (AUBN(AUC) / ANBUC) = (ANB)U(ANC)
S S(ldempotency) : AUA=A/ANA=A

StS(ldentity) : AUP=A/ANX=A/ANDO=0/AUX =X

Ol & (Transitivity) : ASBSC 2 A=C

2 2l(Involution) : 4 = A

(Absorption) : AUCANB) = A/ AN(AUB) = A

1>
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1. Trapezoid: <a, b, c, d>

A (X)

4

1_

Membership Function 1.

A

A (X)

2. Gaussian: N(m, s)

School of Electronics & Information Eng., Kunsan National University.

Robotics & Al Control LAB




.

Membership Function 2.

3. Triangular: <a, b, b, d> 4. Singleton: (a,

A (X)

4

1_

1) and (b, 0.5)
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Fuzzification

=F | 0{XI= HIOIEI S OHONGHRl e 32 2= 20| 2E0IX
oF GOIE HADIES HAl =28 HIZOR 5122, HX s
2| ©0| B WS H0ICH UM HUSE S 2% &
SE K $ES ¥ + U= HI YOS pBAN= 28
SHEZ 3 0l 7158 8 4 AUCH

X = fuzzifier (X)
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Fuzzification method(fuzzy singleton)

1. Fuzzy Singleton Method. (I{ X| & 2 & &)
 SEE 238 x,8 x,0lA 24 0] 10112, 11 01212 &S0l
CHol A= EHggtol 00! A d &2 JtXl= HXAIEE S
ot YWAIOZ 0| 2 J|I=282Z FEst g2 JHXIESZ OHOH
ot 3 E KUKl &= SE S It UL
AHNE P86 214522 HAIHH S8 S0HIA JHE Zel
MOl= - OILC. A

A (X)
e —

N 0 p,
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Fuzzification method(isosceles triangle)

2. Isosceles Triangle Method(O|

= AFDFE] HH

oL O Mo

=

22 = UIOIEIE 0l=Zal A =l ) BHXE0| 1 CI0IEH2 &2
Ol ?IXIot) 2 HOIeS E& BX2 & HiJ & =5 ot=

OIS A2+

o 0O Mo

SEl S HH & & 4(membership function)& JHX|

= IHAI &g ez IH X3t ot= 2™ 0| CH
na(X)

o A CRGRaRO e Xiil=] ...... N
r 1 .
— N&&
> Xp =2*0,

0 A X ‘ X
Xy, /
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Linguistic Variables

A linguistic variable combines several fuzzy sets.
EX) temperature

»

B (X) 1
Weold Wyarm

uhot

1

20 60

X[C]
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Operators on Fuzzy Sets

p any gl XD = max {p (X)), pp(X)}

)

(a

-
0 X
() g4 pa(K= 4(X) - 125(30 /

(XD, ng( XD}

in {

(c) (X)=

0
X
\ C) #oanE A
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Fuzzy Rules

-. Dependencies can be expressed in form of
If —then —rules

-. General form
If <antecedent> then <consequent>

EX) if Temperature is Cold and Oil IS Cheap

Linguistic variables

Linguistic values(fuzzy sets)

N
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Fuzzy Inference

Fuzzy Inference Method0Oll= 3 30t X2 &2 & LI

a. Direct Method
1) Mamdani’s method

2) Larsen’s method

3) Mizumoto’s method LY 20| AFEL U=
b. Indirect Method Mamdani’s method 2t
1) Baldwin’s method Sugeno’s mmftﬁ’ogﬂ

2) Tsugamoto’s method Eigj(.)::l ) f,: gtg =

c. Hybrid Method
1) Sugeno’s method
2) Simplified method
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Mamdani’s Method
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Sugeno’s Method

Sugeno’s method= rule2 2SIt L3 20| function2 2 FUH & Ct= A 0|
CHE 28 =0l 8lott 33 L& E0IC

R1:If x is Al and y is Bl, then zl=al-x+bl -y+cl
R2:1f x is A2 and y iIs B2, then z2=a2 x+b2 -y+c2

Weighting factor o; 7} product=Z & 2| & & singletone 2= 0f| CHol CtS 4 &
Ol =8 2t Z2F & CH

R SR e e B
Q) + Qs

Ol S Z2EE a, b, c B15=2| parameter Identification &I Jt & & & O OF &t Ch=
2 St UL
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Defuzzification

Define: 22| OHOHSH A1 2t= OHOHOHXl &2 MO et= USAlIZl= A.
IHXIMIOI D12 2 AHAQ HIIH XISt EHEE HOol)| fI6t0 &8t Mo gtE &
AHAI21J] #1610 AtES= L

1. 2 =4 g (Center of Gravity Method)
e B0l MOl= HIHX|S - Z N &5 vy A1) 20| 2T 1, 35 Z240]
3 A(2)%t 20| 2 &L

2 UM g ( U, ) | / um ( U ) du

Uy = — A(1) (U= 4(2)
Z m o (u;) / m o (u)du
=1 - '
* H &0l SE&ot) FEZWUE =0 Al2t0] Zel= SE0| UCH /
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SIS 'E(Center of Sums Method)
SHEH=HAE0 U= B, SEH=ERY =03 S=ot HEAH L0 BHE = T
HI%’&!F:’.*JJ SASIHAE SHS20 3t X210 HIAHAIE 0l 810 USLL A

&EAIZEO] bBE = C

u’(] —

_:Z
%

2
2

& (Height Method)
6}_’ it £ X2l 2 & O0ICt.

4, Z| (HH X =& Y (Center of Largest-area Method)
2 HAEE0 = 0142 ==& (convex) HAIFZEHE 22

et2 JHE 2 convex HXIE & Et2 COGEL S Al &tot= A OICH AHI4HO| 2t oL &2

Convex set2 BtH oI X 26t= S & 0] QULCY.
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5. X z|UHgt &HE
: Al&HOI OH <> WiFE & OI .

o oanf . o) — o
=y tuw e Ulm_(u) = hgh(c )
hoh(e) = & yme (V)

6. Z Xl 28 (Middle of Maxima Method / Mean of Maxima Method)
P ASE 0 ZIUQ Hegt SS9 S2A4X L= B2 XIE FHot= 2" 0l

influ/m (u) = hgtuj+ sup{u/m_(u) = hgtu|
2
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App 1. Fuzzy Modeling

et HIHE AlABIS EXME HAl RECZE BEldles HoezE 2
g&t4=(membership function)2| Il2tHEH SEF =2 U0 M24st

- 7#ASE A #E A4S H FEANARL AX FAE

- O2tHESE - 28 BHasi 28 S2US 22 WA &2
32t 2Eo e Mt A58t2 et E
== 2 A3

E. QI ]} B0 Hel

2. 2t2to| MAE QB ASBASO| 49} DY

3. HX 7&o| MEe o S0l S

4. %2 HHUS, 28 MK, HIHXI 3 geio] &
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App 2. FLC(Fuzzy Logic Controller)

ANAEIS] SH0| SFEH0] JIES YN0 YYORE= HAIE £ AL, HOKE
P FAR0|, SHAG I, BHAS I IIE K0IDISCH 248 KO
2 S LIEHHD, M2t RIOIXIAIS Q101X SEHZ Jl28t KOIRE S XIS Al
010t SHEIT= A& U =& J|5ES Bk

(&)

S (2ANE MOl HIMEH0 3D =R BHES HOI SR

=2|8 MOl @RS XA T S80I, CHYst ZAS Jl%, 221X YYoz 55

& Q= BAST B4A2 084S, 01919 X2lol Xa

CIO{= TIOi: CHEHE MIOI D& 0 ME, a2 20| 20|

[ROD| £H =AM ]
MO A& I+

1z FA

Aol S A b
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Application of Fuzzy System 1.

=2 HAl 7+2 | - HA &8 | _
EARel | TALEE | EA 2% | GhnS [HA Jtea
EloiA = | FSH) e | A 22
SESA 'goiagal | oaze | WSS | un
OO ==
SAl AlAE | 2MO1A ofst HA T | AlAE g2
| YA
Eﬁgﬁl gnlﬁs o
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Application of Fuzzy System 2.

HX} 21 -i-[llt AT

I:IIEIIQ a3nd, dIS2l, =21, oA, TV, TS

s5Y

Gt
=

EE%!EI-Eiﬂ, o= &

)', —\t’e'.\._—AL

2X2 b Seqiof

HODI= =0F |ARAIAS, skAel = 2l E+3Hl0
22121 Z0F |2Zdi=2] 23 Sul, Y S30I
= Ho|, 2E=2%, 3 = X8,

nSHHEZ0F |Z2HIoE Ao, X2 32

F=214], 8 26, 22k SAPL CRT A=

MECIA 20} |3
HMO 20F | Y5l YIS TH4 IO, B

[P

2 =4
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Conclusion
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EH -0l O JHe WAl /AL
A OIFUX L Y= HAl O[E0 &
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st SRt MIIBIN B

LIEFHLHRACH CF= M2 SHe AIAR

PE=s 2= A2 i< 6EL.
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Hol0lE2 1d
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